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Abstract

An analysis of 3587 e et et decay events is presented.
These events vere found in an area scanning of an emulsion stack of
600 u Ilford G5 emulsion pellicles exposed to a 300 MeV/c separated
K’ beam at the Bevatren of the Lavrence Radistion Laboratory. The
pion energy spectra are compared to the predictions of linear matrix
element theory, the pion pole model, and the s-vave resonmance model,
and to the existing spectra of the secondaries from n, t., ', and K;.
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I. INTRODUCTION

In the recent literature, cousiderahle interest has been shown in the
three pion decay modes of the K and n mesons, and their comnection with lov

energy pion-pion interactions. Early dats on the t’ decay mode of the x*

meson (K¥ s+ v" + ¢ ¢ l*)l’z shoved systemstic deviations in the pion spectra

from that determined by the phase space alone. The deviation is such that

the unlike pion has a higher probability of being emitted with high energy.

3,k

Subseguent measurements of T decay spectra confirmed the effect. Attempts

%0 sxplain the pion asymmetries by final state piom-pion 1nterm1m.5'7
using the scattering length approximation and neglecting p-wvave and higher

partisl vave effects, led to the requirements that the s-wave pion-pion

scattering lengths in the Tw0 and T=2 states de s, -A‘ and 8 v -0.33' 6.

However, experiments utilizing other means of msasuring these parmmeters .8'10

1,12

and theoretical considerations, led to the requirements that L ~ l'

with L mall and positive. Other attempts to explain the final state pica
asymetries included the hypothesis of a k¥ intermediate state,’’ and
inclusion of p-vave pion-pion final state imtersction, both withl® and

v!.thmu "intrinsic” structure in the weak interactioms.

The v* energy dfstrivution 1n t' (X* + «* + #° ¢ 1°) decays vas seen

t0 have a related deviation from phase .w.16-20. as predicted by Uoiuborc.u
Similarly, the +° energy spectrum divided by phase space (the reduced w°
energy spectrum) ux;o:°+u‘+:’mrmubo-ucmm funetion

of the ¥° energy, Iin agreement with theoretical prodicuou.” Sinilarities

to the keon decay spectra vers also noticed in the Dalits plots of

o 2h-26

nea® e’ ¢ s decays. The present theorstical models which could

explain the similar Zinal state spectrs in all these decays are (a) the pion
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30,31

and {b) an s-wvave ¥-w resonance, as susmarised in

pole model,
Kecser's article.

3.4 and 900 "M 1,2,33 decays have been

Analyses of about 2300 t~
reported. The present work roughly doubles this sample with the addition
of 3587 ' decay mntl.y’ The secondary spectra from these 1 decays are
compared with the existing decay spectra for ¢, t', K; and n. Comparison

of the data with the predictions of the theories (a) and (b) above is made.



II. EXPERIMENTAL FROCRDURE

A. Exposure and Scanning

An 8k pellicle stack of 6 in x 8 4n x 600 u Ilford G5 emulsion vas
exposed to & 300 MeV/c separsted K* beam at the Bevatron of the Lawrence
Radietion Laboratary of the University of Californis.>’ The beem kecus
came to rest near the center of each plate, in an area v 1.5 cm x b om.

In order that the scanning time required to find a kaon decay event de
fairly short, it vas desired that the density of stopping kaons de relatively
high. Therefore the stack vas inserted in the beam after only cne stage of
separation, and a background of approximately 10 beem pions for each stopping
K" vas present. These plons vere of miniwum fomization, and traversed the
entire stack. The demsity of kaon endings in the stopping region of the
exposed stack ves ~ 2x10° X*'s/en3. The individual pellicles were aligned
for scanning and track folloving by the method outlined in Ref 36.

The stack vas systematically ares scanned for K'-mescn endings with
sultiple m&«.n 3359 three-secondary events, each vith twvo or three
of the secondaries having greater than 1.5 times minimum ionisation were
separated from the total scanning sample. Three events vwith a minimm-
ionising secondary are inconsistent vith the t decay mode, and were excluded.
One of these events was shown to be an example of the decay mode
K,y (K" + 4%+ 57 ¢ e* ¢ V), ant has veen previcusty reparted.3d* e
other two (vents are also consistent vith this decay mode, but are not
sufficiently complete to allov clear ldmiﬁenthn. The remaining sample
of 3356 "t-1ike" events, together with 97 events from the Columbia stack C



and 9k events from the Colusbia stack D> vere included in the detailed
analysis described below. 8ix obvious decays in flight were excluded., In
addition, seventy-one previously analysed events from the Columdbia stacks

A and B'O are included in the total sample.

B. Determination of SBecondary Energies

The measurement of the pion energies for each event vas carried out
as follows:

(a) The plane angles between the secondaries (the angles betveen the
projections of the pion tracks on the plane of the emulsion) for each event
vere measured, using a six inch protractor mounted on one of the microscope
eyepiece tubes. The estimated errors for these measurements are # 2°,
including distortion effects. The tangents of the dip angles between the
plane of the emulsion and the secondaries were measured by using the fine
s-motion of the microscope and a calidrated eyepiece grid. Errors in the
s-measurements are estimated to be of the order of one micron. The un-
certainty of the emulsion shrinkage factor is of the order of 10f. Secondary
tracks vere folloved, recording any scatters of &~ 20° or greater, until the
" vas identiffed. s’ secondaries are identified by their characteristic
% » u decays; ¥ secondaries are absorbed in the emulsion nuclei, giving
rise to stars vith sero or more ionising prongs. BEvents for which the v~
could not de ideatified are discussed delov.

(v) The point-to-point ranges, including scatter points, were used to
£ind the energies for those pious which had been followed to an ending. An
average smulsion thickness, measured befors exposure, vas used for each stack.




The range-ensrgy charts of Barkas and Young are used throughout this vork.u

The energies calculated directly from s range are expected to be good to ~ 3%,
Using these energies and the measured angles, each event vas analysed on the
IBM 1620 of the Stevens Computer Center to find the missing pion energies.
Since the events are overdetermined, the G-value was calculated as s check,

as was the quantity.
$.8,xt
-
AR
vhere the ;1'l are the secondary three-mcmenta. ¢ is an indication of the
coplanarity of the event, and is an invariant under labeling of the tracks.
A limit of 5 MeV was placed on the deviation of the calculated Q-value from

the accepted Q-value, T5.11 t 0.1k ueV.ka

and the coplanarity measure vas
required to differ from zero by no more than 0.07S5.

(¢) Any event falling outside the above limits vas returned to the
scanners for remeasurement. If the two measurements agreed vithin statistics
en additional track vas followed, and the event was returned to part (b) of the
schedule. If all tracks had been followed, the event wvas exsmined for possidle
reinterpretations, auch as secondary scatters near the K ending, inelastic
scattering of the secondary, decay of the secondary in flight, or alternate decay
mode. BSeven of the events in the lower tail of the distribution vere showa to be
inconsistent vith the t decay mode, and were ideatified as examples of the
radiative t decay mode, Ken et edte v.“

At the close of the analysis 51 events remsined outside the S-MeV Q-value
limit. This wvould correspond to a standsard deviation for the Q-value distri-
bution for all events of ~ 2.2 MeV, if the distribution vere Geaussian. The
aean Q-value for 65 events for which it ves necessary to follov all three
tracks vas Th.T MeV; the standard deviation of their Q-value distribution

vas 1.T MV,




There vere 35 "incomplete" events for which the ¥  could not be
i{dentified, dus to interactions in flight of the secondaries or secondary
tracks leaving the stack. Each of these events had one e snergy measured
by renge, aud were subjected to the same Q-value and "coplanarity” tests
Agscribed adove. The energies wvere renormaliszsd by preservipng the ratio of
the energies of the unidentified tracks as calculated from the space angles
of the event, and requiriag the sum of the three energies to be the accepted
Q-valus. Yor seventeen of these avents, the difference betveen the tvo
unidentified pion energies vas l.ul than 9.6 MeV. These seventeen svents
are included in the distributions, using the mean of the two "missing"
energles for the unidentified s* and ™. Thus no energy is shifted by more
than 4.8 MeV (the data aredivided for analysis into 4.8 MeV groups; see
below), The remaining 18 events are excluded from the distridutions.

The pion energies used in the distributions for events having two
folloved tracks are the tvo measured emergies and the difference detween the
known Q-value and the sum of the measured energies. Pion energies for events
for which one or three tracks vere folloved vere renormalised to the known
Q-valus by multiplying the rav pion energies by the ratio of the known
Q-value to the calculated Q-value for the event.

C. The Data

Of 3605 stopping v decsys, 3587 events are included in the final pdon
distributions. A summary of the different classes of events in the total
semple is presented in Tadble I. det'mummu.
ad the distribution 7, - To, vhere T, is the kinetic emergy of the more
ms’utaummc’m.mmunp.xua.




Bince only 18 events of a total sample of 3605 stopping t decays are
excluded, the sample is quite free of geometrical bias. One possidle sowrce
of scanning bias, despite the distinctive appearance of stopping v decays in
smulsion, is the possibility of the scanner missing an event vith a very short
secondary pion. The other two tracks are then very nearly colinear, and may
be mistaken for a coincidental crossover track. Each event recorded as a
stopping kaon vith heavy secondary and e crossover track vas reexsmined.

About five of these vers found to be v decays.

Ancther possible bias is misidentification of secondary charge. Bteep v’
tracks vith forward decays mey be mistaken for v tracks vhich end in sero-
prong stars, and v tracks either with a scatter » 600 u from the end, or
ending in a cne-prong star with the prong ~ 600 u long, may be mistakenly
identified as v + y decays. All secondary tracks vith energy less than 12
MeV were carefully reexamined in comnection vith another w.u 1706
tracks in total. Among these, 6 v’ vere found to be misidentified as ¢~,
and T v~ vere misidentified as v'. This comprises a rate of misidentification
of 0.85. Recaloulation of the spectrum including the nev values caused
negligible corrections.

It vas found that excluding the events in the fev plates nearest the
top and bottom of the stack did not change the degree of comtamination of
the sample vith "incomplete” events. The stack was large enocugh so that
secondary tracks could not leave the stack from the sides.




1II. TREATVMENT OF EXPERIMENTAL DATA

The final state kinematics in K or n + 3x decays is completely
described by two independent veriables, for example the Lorents invariant
variables (33 - 8,) and ‘51 - 8,), vhere

)2 - 2

2
8‘-(!’0-1’1) u (M- s

'}

2
3‘0'31*32’53"1 (““1) - 2

P° and N are the four-momentum and mass of the decsying particle, 1’1. n,
and ’1'1 are the four-momentum, mass, and kinetic energy of the ith pion
respectively, and Q is the sum of the pion kinetic energies. 83 refers
toc the unlike pion in ¢t and t' decays, undtotho'°1nxgo'°+v’oa°

adn+® st or decays. Por convenience, the variables

!--3(33-30)/mmx--/i(sl-sz)/mmmmw.“

The differential decay probedbility may be written
w(X,Y)axay o |u(x,Y)|2 cix,¥) ¢(x,Y)axay

vhere ¢(X,Y) is the invariaat phase space for the decay, C(X,Y) is &

faotor 0 include final state Coulomd effects, and M(X,Y) is the metrix
element for the decay. The« factor C(X,Y) applied in this work is thet
given by unu.“ wvhich in the non~relstivistic limit reduces to that

caloulated by m.“
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The Y-dependenc> of the decays is examined dy plotting

N. (Y) o u
ocon) S g w(x,Y) X AY/j f C(XY)D (X, Y)dxdy
&g X() AY. X(ex)
vs. Y, vhere NS(Y) is the number of events in the interval aY,, N, . is

the total mmber of events, and Cé, (Y) is the corresponding "Coulomb
corrected” Lo.ents invariant phase space. Then N, () / Woor O (Y)
1s proporticoal to |M(X,Y)|? averaged over 4Y, and the corresponding
values of X. These data are presented in Fig. 3. The data are
nornalised such that the wveighted mean ordinate is 1.0. B8imilarly, the
X-dspendence of the distribution is exsmined by plotting N,(X) / N .
Co, (X) vs. X. These data are presented in Pig. M.




IV. COMPARISON VITH THRORY
A, Linear Matrix Element Theory

It has been proposed that the matrix element in K + 3v decays may be
expanded as a pover series uxmt.u
final state pions, the expansion may contain only even powers of X,
Neglecting higher order terms in the expension,

N
Iuj(x.r)l" «2 "’-‘:? Y

vhere J is ¢, v'.a-l:-a-'uﬂnwuuuu. If the final state
pions are in a pure Tul state, the relatiomship L --h' m:l.ul.n',”'“

Dus to the Bose statistics of the

This is occusistent with the AT = 1/2 rule, but doss mot rule out admixtures
of AT » 3/2 in the decey intersotion, since the Tl state is accessidle

 Ahrough either A% = 1/2 or 3/2.83°¥8
spoctrmm 1a K2+ 17 ¢ 1* 4 17 decays 1s 1demtical vith the * ewmergy spectrm

{o ¢ m.u.a-mmumtn.”'“ nmxmtm.‘:--a'

It has been shova that the *° emergy

under the AT = 1/2 rule. However, this is a veak test of the rule, sinee any
mechanism vhich lsads to the sgng 1 final state for both the eharged and
aoutral desay vill satisfy the eomdition om the slopes.

AWMWﬂtdWMuIOQ'QIumm

m-‘mm«mmwum:'mc'-o.n;om.

mg’mun.s.wq»u’muwasammm

of frecdom. Although the x2 value is rether high, there is 2o real evidenee for




s quadratic term in the expansion, since the devistions of tha experimental
points from the linear fit are "scattered” rather than uyotcutl.c:.'9 See

rig. 3.

The X-dspendence of the avents is vell fitted by a sero slope straight
line, vith a x° valus of 12.5. The x° probability for 9 degrees of freedom
is ~ 205. Although there seems to be some suggestion of “"shape" to the dats,
there is no statisticelly significant evideace for higher order terms in the

X-dependence of the matrix elemsnt. See Pig. &.

The results of this experiment are in agreement with those of other
experiments oo t* 22 ana v*. 3 2able I containe the values of o fount
wmmm.muummaat,..‘;.m-nm
various experiments.

muthcvduofu'rormmmtmtmtﬂthmm
by Saith ot. d.." .'-o.u_o_o.oz. in an analysis of & compiletion of
3205 * decay events, the oombined value s = 0.115 & 0.013 is cbtelned.

Bist ot. al.?0 nave fitted the reduced s* energy spectrum for 187TH ¢
decay events vith a linear squared matrix element, wsiag an error analysis
similar to that used in the present vork, and have cbteined s , ® ~0.40 & 0,07,
Using these valwes

[}
'L.’. .30’ * 006
.' -

compared to the predicted ratic of -2. The 1792 t' events asalysed by Kalmus
ot. al.1? vere Pitted vith a linesr matrix elemest, rether them linear redvoed
spectrun. HNowever, thelr valus for LI is consistent with the valus cbtaised
by Bisi et. al.



i e g s we v =

Iuers et. d.zz bave fitted the reduced »° energy spsctrum for

83K + 1%+ v* ¢ +7 vith & linear functicn and obtain " " -0.32 + 0,07.

Using the combined . value and their value

%

—£ s 2.8 40,7
‘f

as compared to the predicted ratio -2.

All of the X + 35 reduced spectra are vell fitted by linear functions.
The ratio ax; / L is in agreement vith the predictions of linear matrix
element theory, a final Tel state, and the AT = 1/2 rule. However, this is
only & veak test of the rule. The ratio of LI / ¢, is about 2.5 standard
deviations from that predicted by the theory, and further data are needed to
clarify this eituation. However, it is felt that the data on K <+ 3v spectra,
viewved as a vhole, are consistent vith linear matrix element theory, a pure
Tel fipal state, and the AT = 1/2 rule.

B. The Pion Pole Nodel

Barton and Rosen”! have considered a model in vhich the decays

n+1°¢ s’ +s and K » 3¢ both proceed predominantly through s one-pion
intermediate state, the pion pole model.’C Then the decay smplitudes for the
n and the various K modes are just different isotopic projections of the same
T=l function, apart from a comstant factor depending on the mechanism vheredy
the single pion state is reeched. The matrix element is expanded in the
invariant varisbles, and neglecting quadratic and higher order terms, the
relationship a, " n" holds, at least insofar ss the K — n mase difference

@ e e e A o gt (8
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can be neglected in the structure of the intersctions. G8Since the predictions
for the ratios of the a's in the various K + 3v states are identical vith

those given under section A above, the relationship o - -2&1 holds under the
pion pole model. Hovever, since the same predictions follow for any model in
vhich the K and n have the same Tl final state, this is & veak test for the

pion pole model.

Combining the value for nn quoted by Crawford st. al. on the dasias of
109 n decays and that of Foster et. al. with 2Tk n decays (see Tadle II),
the combined value L = ~0.25 ¢ 0.025 {s obtained. Using this value for .n’
togethsr with the combined L obtained above

a
e -2.240.35
T

*s compared with the predicted ratio -2. The ratio o / e, 1s in good
agresment vith the predictions of the pion pole model.

C. B8-wave Dipion Resonance

Beveral suthors’ =’ nave found evidence for the existence of & w-v
resocnance at an emergy of about 400 MeV, consistent with the assigmment of the
quantum numbers T=J=Q, B;‘Qm apnd 81n¢or’6 have formulated a model dased on
the existence of such a m&mso. the 0 in order to explain the appareat
snhancement of the three pion decay mods in the n meson. These suthors have
extended the model %o include both n + 3v end K + 3v decays.>? 2s in the piom
pole mndel, the final state pions must be in a pure Twl state, wvhich s con-

sistent vith the AT = 1/2 rule, but Aces not rule out AT = 3/2,
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The thecry predicts that the reduced v~ spectrum in XK' + x* + «* + 2~

dcecay is given by
(hed) + 4D N 0 te -1 B
(h-d)'+ 4B> = B " ht-TeuBh

FT) % 4] 1 I

vhere

h'M-3I'—2A-T3

2 _ 2
Aefn-n)®-nl)/on
n-n,rr/au

Here n, and l‘r are the parameters cf the theory, the mass and full width of

the resonance.

The function r(r3) for various values of the parameters vas compared to
the normalised experimental data in a 10-division x2 test. Y{Ts) vas normalised
such that the mean ordinate vas 1.0, and since the function is nearly linear
for the range of purameters under consideration, the integrals over the divisions
were approximated by the ordinate of the function at the midpoint of the divisiom.
Since r(r3) is & slowly varying function of the rescnance parsmeters, thers is
e large range of " and T r for vhich a reasonable fit is odbtained. A contour

plot of constant 12 for the parsmeters n, and l" is shown in Fig. 5. The

contours xa = 20 and 23 are shown; these correspond roughly to one and tvo

standard deviaticns from mSnimums x°, respectively. The minimm x° value 1s

16.1, vith a x° probability corresponding to 7 degrees of fresdom of ~ 35.

The best fit values of the parametars are approximately n, - 340 MNev, l'r = 90 MeV.
The data, fitted with the optimum parameter spectrum, are shown in Pig. 6. In

addision, spectra {or other selecied values of ihe parameters sre shown. They

all fit the data as vell as the linear function.
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As can be seon from Figs. § and 6, the present data camnot determine
the resonance parameters with any degree of certitude. Other expsrimenters
bave fitted this theory to v' and n decays. Kalmus et. al.,? wits 1792 ¢
ovents find m_ = 337 £ A NeV, T = 87 £ 9 NeV, Crawford et. a1.%% £1na
5-392:9&7.l'r-BBtlsroonthobuuofm?ndtwl.m
Foster et. a1.%0 vith 27h n decay events tina m_ = 407 ¥ 33 e,

[, ® 117 £ 15 MeV. Each of these pairs of parameters overlaps the “alloved"

region on Fig. 5. Bisi et. al. ,hmmuntodscoutmplotof\mrr;

their plot and Pig. 5 have the same general shape and range of the parmmeters.

A sinilar theory has been formulated by Mitrs and Ray. ' The reduced
3 spectrum in t decay is given by

rte,) = 00 =900

s
vhere

n(x’) = (0 v 2 -} '9,.3,-1/2 tan”ly’
EE 0T Rl Gl 0w il - N S R LR Y
vyerl, /2

el -
nmmwam-,mrrmmmnmmnnm«m

r(r,)mnmmm'-muntmummumm

experimest in the same moner as that of Brown and Singsr above. A comtowr

plot of oonstent x® for the parsmeters is shown in Pig. T. The best fit



T LRI

paraneters are approxisstely m, = 335 NeV and I = 65 NeV; the nfaimm
value is 15.8, corresponding to & x° probability of ~ 3% vith T degrees of
freedom. The data, fitted with the best value parsmeter spectrum is
presented in Fig. 8. The spectrs for tvo other values are also shown; as
in the other rescnance model the fit is reasonable for all three values.

Saveral authors have found other experimental evidence for a resonance
with parsmeters near the region required in the resonance models. Samios
et. a1.% have found evidence for the existence of s resomance vith 0 or 1
ond m, = 395 £ 10 MeV, T = 50 & 20 MeV in an analysis of v~ -~ p collisfons.
However, ALff et. al.’! have found mo evidence for & rescusnce in this region
in the products of 3 - p collisicus. Kirs et. al.’Z have shown the existence
of & pesk in the Tw0 di-pion state in the process ¥ + p+ v’ + 3~ ¢ n, dut
the pesk changes position with the incidemt plon energy. Blatir et. a1.”?
have also found evidence for a peak near 380 MeV in the invariant w-v mass
squared for this resction. Del Fabbro et. al.>® find that the di-pion
omcunuumhmnmtonyol»"’o"opmuw
Wthoucmunotuomnmmvuhmm-r-mthhv.
£, ® 139 & 13 MeV. Barnes et. al.’ have found 1n v” - p collisicns & 3.5
Wmtmmmmmumuum-’.--‘m-m
mmcncmuqmmw.mvmq,~mbv.rr~aom.

The present data are reasonabdly well fitted by the resonance models,
and the range of resonance parameters found in this experiment for the Brown
and Singer model are cousistent with those found in other experiments om ¢
and t', as aited adove. While the rescnance parameters proposed by Samios
et. a1.2 could not explain t decay with the present models, the other ex-
perimentally detected rescnances quoted above, agres, vithin statistics,
t0 the present data.

17



V. BSUMNARY

Comparisons betveen the various K + 3v deoay spectra are reascoadbly
consistent vith a linear w. e Tel final state, and the AT = 1/2 rule,
However, this is a veak test of the rule. The ratio c‘,,/ct is about 2.3
standard deviations awey from the predicted value, and should bo investigated
further. The comparison of n spectra with K + 3v decay spectra is consistent
vith the n having & predominantly Twl firel state, snd with the predictions
of the pion pole model.

The resonance models fit the data of the present experiment reasonably
vell, and the range of resonance paramsters determined are consistent with
those found by other experimenters in t' and n decsy. m,mm
data can bde reasonadly well fitted by a largs renge of parameters in the

resonance models.

S8ince both the pion pole model and the rescnance hypothesis have “"built-
in" Twl final states and consistency with the AT = 1/2 rule, the ratio of
the linear terms in an expansion of the matrix element in the variocus K ¢ 3¢
and n + 39 final states is fixed. Consequently, so long as the experimeatal
data on the decay spectras cen be well fitted by a linear fumction, the oaly
available information will be on the validity of the T=l final state and
oonsistenty vith the AT = 1/2 rule. In fact, Prased’® has shown explieitly
that the limear matrix clement squared is compatabls with a resoneat v-7 phase
in the T=0 channel vith roughly the same rescnence parencters as those needed
in the Jrowa and Siager theory. The ~mswer 40 the question of the validity of
one or the cther of the models will have 40 wait umtil the higher order tSerms
in the expunsion beocome statistically significeaat.

18
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Teble II.

spectra (the ¥° $n n and K: decsy) are fitted vith either the function

Summary of published values of the parameter o for the linsar
matrix element theory in t", L A K; and n decays. The uwnlike pion reduced

LE 2

MPa1+aBror 20 (2 ¢33 1%, aestonated by L and 8 respectivery
»n n

in column 3. If the AT = 1/2 rule is valid in K + 3% decays and the decays
K+ 3v and n + 3v have the same Tel final state, the relstionships 2» = -

--.4.-.“ should heold.

a OO of these events are from Ref. )

099 ¢t ¢
3587 +*
13hT ¢~

988 v

167h o

1792 t"
109 a
()

Reference Tunction
2 L
our L
3 L
b L
2 L
20 L

8
19 8
8
8

0.1k ¢ 0.02
0.11 t 0.02
0.15 ¢ 0,02
0.11 2 0.04
-0.32 ¢ 0.08

=0.%0 ¢ 0.07
-0.36 ¢ 0.09

<0.32 ¢ 0.03
-0.26 ¢ 0.0h
0.2k ¢ 0.03

t'
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FIGURE CAPTIONS

Pigure 1. Histogram of the ¥ energy distridbution for 3587 <* decays.
The nusber of events in each division is indiceted.

Figure 2. Wormwmxarl-rz.mrlmrzmm
positive pion energies, for 3387 t’ decays. The number of events in each

division is indicated.

Figure 3. Dependange of the matrix element squared on unlike pion emergy.
The solid lne {s the fitted curve [M|% o 1 + aiqY/a? | vitn & = 0.2140.02.

-Figure . Dependance of the matrix element squared on like pion energy.
The #0lid line is the sero-slope fitted curve.

Pigure 5. mmumx‘mmm.-r.ummrr.

of the rescoance in the Brown and Singer model for v decay. Point A ccrresponds
%0 the best fit paremsters, x° = 16.1; the points A, B, and C correspond to
curves A, B, and C in Pigure 6. The lines x° = 20 and x° = 23 correspond
roughly 40 one snd tvo stendard devistiona from minimum x° respectively, the
"allowed" runge for the paremeters.

Figure 6. Energy dependsnce of the reduced v energy spectrus for the Brown
and Singer model for t decay. Curve A is for the Dest fit paremeters,

m, = 350 MoV and I_ = 90 NeV. Curve B is for the paremeters », = 400 NV emd
T, = 100 MoV, owrve C is for M = NT5 NeV and I, = 10 MaV. Owrves A, 3 ant C

eorrespond 0 points A, B, and C om Figure 5.
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Pigure 7. cmtmplotorcmtntxzmme.mr.mw

wvidth, rr. of the resonance in the Mitra and Ray model for t decay. Point A
corresponds to the best fit parameter, x° = 15.8; the points A, B, and C
correspond to curves A, B, and C in Figure 8. The lines x° = 20 and 2 = 23
correspond roughly to one and tvo standard deviations rruli.nimxz respectively,
the "allowed" range for the parameters.

Figure 8. Energy dependance of the reduced s~ energy spectrum for the Nitrs
and Ray model for t decay. mnummmatm.-,-nsmv
lndl'rUGSDhV. mniltortMMﬁr-menlrr-aObV,
mcurornr-muovmr,-mu-v. Curves A, B, and C eorrespond to
points A, B, and C on Pigure 7.
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